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Abstract
The dynamics of a general two qubits system in noninetrial frame is investigated
analytically, where it is assumed that both of its subsystems are differently accelerated.
Two classes of initial travelling states are considered:self transposed and a generic
pure states. The entanglement contained in all possible generated entangled channels
between the qubits and their Anti-qubits is quantified. The usefulness of the travelling
channels as quantum channels to perform quantum teleportation is investigated. For
the self transposed classes, we show that the generalized Werner state is the most robust
class. We show that starting from a class of pure state, one can generate entangled
channels more robust than self transposed classes.
1 Introduction
Due to its importance in quantum information and computation fields, entanglement has
attracted extensive attentions [1]. The dynamics of entanglement in the real and practical
setting cases is one of the most promising technique to develop the efficiency of communi-
cation and computations [2]. Recently, the dynamics of entanglement is extended to the
relativistic world [3]. In this direction, efforts have been done to investigate the dynamics of
entanglement between two modes of Dirac modes in noninertial frames. It has been shown
that, the degree of entanglement between entangled observers is degraded and consequently
the accelerated observer can’t obtain information about his space time [3]. The dynamics
of entanglement in non-inertial frames for two qubits system initially prepared in maximum
entangled state is investigated in [3], where the entanglement is degraded by the Unruh effect
[9] and its lower limit is enough for quantum teleportation. The sudden death of entangle-
ment and the dynamics of mutual information are investigated by Landulfo and Matsas [5]
in non-inertial frames. The dynamics of the classical and non-classical correlations of trav-
elling pseudo-pure are investigated by H. Mehri-Dehnavi et. al. [6]. The entanglement
dynamics of initial tripartite class of GHZ state is investigated in [7]. Montero et. al [8],
have introduced tripartite W -state as initial travelling states, where they showed that the
entanglement vanishes completely in the infinite acceleration limit.
In this contribution, we investigate the dynamics of a general two qubits state of Dirac
field in non-inertial frame. First, an analytical solution is introduced for a general two qubits
system. Particularly, we investigate two classes extensively: the self transposed class and a
class of a generic pure state. Second, the degree of entanglement is quantified for all possible
generated entangled channels between the qubits and their Anti-qubits. Third, the usefulness
of the travelling accelerated classes is investigated by means of the fidelity and the possibility
of using them as quantum channels to perform the quantum teleportation is discussed.
The outline of the article is as follows. In Sec.2, we introduce an analytical solution of the
suggested model, where it is assumed that both qubits are accelerated. Sec.3 is devoted to
investigate the dynamics of the self transposed classes and a class of a generic pure state. The
entanglement of the generated entangled channels is quantified in Sec.4. The classification
of usefulness travelling accelerated qubits are investigated in Sec.5. Finally, we summarize
our results in Sec.6.
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2 The suggested model and its evolution
Assume that a source supplies two partners Alice and Rob with a general two qubits state
which is characterised by 15 parameters. The general form of this system can be written as,
ρAR =
1
4
(1 +
→
s · σ
↓
x +
→
t · τ
↓
+
→
σ ·
↓
−→
C · τ
↓
), (1)
where
→
σi = (σx, σy, σz),
→
τ i = (τx, τ y, τ z) are the Pauli matrices for Alice and Rob’s qubit
respectively,
→
s = (sx, sy, sz) with si = tr{ρABσi} and
→
t = (tx, ty, tz), ti = tr{ρABτ i} are
Bloch vectors for both qubits respectively. The dyadic
↓
−→
C is a 3× 3 matrix with elements are
defined by cij = tr{ρABσiτ i}. For example, cxx = tr{ρABσxτx}, cxy = tr{ρABσxτ y}, cxz =
tr{ρABσxτx} and so on. The density operator (1) ρAR can be written as 4 × 4 matrix its
elements are given by,
̺11 =
1
4
(1 + sz + tz + czz), ̺12 =
1
4
(tx − ity + czx + iczy)
̺13 =
1
4
(sx − isy + cxz − icyz), ̺14 =
1
4
(cxx − icxy − icyx − cyy),
̺21 =
1
4
(tx − ity + czx + iczy), ̺22 =
1
4
(1 + sz + tz − czz),
̺23 =
1
4
(cxx + icxy − icyx + cyy) ̺24 =
1
4
(sx − isy − cxz + icyz)
̺31 =
1
4
(sx + isy + cxz + icyz), ̺32 =
1
4
(cxx − icxy + icyx + cyy).
̺33 =
1
4
(1− sz + tz − czz), ̺34 =
1
4
(tx − ity − czx + iczy),
̺41 =
1
4
(cxx − icxy + icyx − cyy), ̺42 =
1
4
(sx + isy − cxz − icyz),
̺43 = =
1
4
(tx + ity − czx − iczy), ̺44 =
1
4
(1− sz − tz + czz). (2)
The density operator (1) represents a quantum channel between Alice and Rob in the inertial
frame. To study the dynamics of the travelling channel (1) in non-inertial frames we use
what is called the Unruh modes [9] which are defined as,
∣∣0〉
i
= Ci
∣∣0〉
I
∣∣0〉
II
+ Si
∣∣1〉
I
∣∣1〉
II
,∣∣1〉
i
=
∣∣1〉
I
∣∣1〉
II
, (3)
where Ci = cos ri,Si = sinri, with tanri = e
−2piωi
c
ai , ai is the acceleration, ωi is the frequency
of the travelling qubits, c is the speed of light and i = A,R. In this investigation, it is
assumed that Alice and Rob are observers and can lie in either region of Rindler space time.
Therefore, a uniformly accelerated observer lying in one wedge of space time is causally
disconnected from the other. This leads to four different situations: (i) the channel between
Alice and Rob ρA˜IR˜I is in the region I, which requires to trace out the states in mode II.(ii)
The channel between Anti-Alice and Anti-Rob ρA˜IIR˜II is in the region II which requires to
trace out the states in mode I. (iii) The channel between Alice and Anti-Rob ρA˜I R˜II , which
is obtained by tracing out Anti-Alice mode in the region II and the mode of Rob in mode
I. (v) The channel between Rob and Anti-Alice, ρA˜IIR˜I which is obtained by tracing out
Alice’s mode in the region I and Rob’s mode in the region II.
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By using Eq.(1), (3) and tracing out the inaccessible modes in the region II, the state
of Alice-Rob in the region I is described by,
ρA˜IR˜I =


̺11C
2
1C
2
2 ̺12C
2
1C2 ̺13C1C
2
2 ̺14C1C2
̺21C
2
1C2 C
2
1(̺22 + ̺11S
2
2 ) ̺23C1C2 ̺24C1
̺31C1C2 ̺32C1C2 (̺33 + ̺11S
2
1 )C
2
2 (̺34 + ̺12S
2
1 )C2
̺41C1C2 (̺42 + ̺31S
2
2 )C1 (̺43 + ̺21S
2
1 )C2 ̺44 + ̺33S
2
2 + (̺22 + ̺11S
2
2 )


.
(4)
Similarly, if we trace out the inaccessible modes in the region I, one gets the density operator
of Alice-Rob in the regionII as,
ρA˜II R˜II =


̺
(II)
11 (̺43 + ̺21C
2
1)S2 (̺42 + ̺31C
2
2)S1 ̺41S1S2
(̺34 + C
2
1̺12)S
2
2 (̺33 + ̺11C
2
1)S
2
2 ̺32S1S2 ̺31S1S
2
2
(̺24 + ̺13C
2
2)S
2
2 ̺23S1S2 (̺22 + ̺11C
2
2)S
2
1 ̺21S
2
1S2
̺14S1S2 ̺13S1S
2
2 ̺43S
2
1S2 ̺11S
2
1S
2
2


, (5)
where ̺
(II)
11 = (̺22 + ̺11C
2
2)C
2
1 + ̺44 + ̺33C
2
2 .
There are two different remaining channels which could be generated between Alice and
Rob. The first between Alice (in the first region, I) and Anti-Rob (where Rob in the second
region II). This state is called Alice-Anti-Rob state, ρA˜IR˜II and it is defined as,
ρA˜IR˜II =


(̺22 + ̺11C
2
2)C
2
1 ̺21C
2
1S
2
2 (̺24 + ̺13C
2
2)C1 ̺23C1S2
̺12C
2
1S2 ̺11C
2
1S
2
2 ̺14C1S2 ̺32C1S
2
2
(̺42 + ̺31C
2
2)C1 ̺41C1S2 (̺22 + ̺11C
2
2)S
2
1 + (̺44 + ̺33C
2
2) (̺43 + ̺21S
2
1S2)
̺32C1S2 ̺31C1S
2
2 (̺34 + ̺43S
2
1 )S2 (̺33 + ̺11S
2
1 )S
2
2


.
(6)
Finally, a similar expression for the density operator between Rob and Anti-Alice ρR˜I A˜II is
given by,
ρA˜IR˜II =


(̺33 + ̺11C
2
1)C
2
2 ̺31S
2
1C
2
2 ̺34C2S1 ̺32C2S1
̺13S
2
1C
2
2 ̺11S
2
1C
2
2 ̺14S1C2 ̺43C2S
2
1
(̺43 + ̺21C
2
1)C2 ̺41S1C2 (̺22 + ̺11S
2
2 )C
2
1 + (̺44 + ̺33S
2
2 ) (̺42 + ̺31S
2
2 )S1)
̺23S1C2 ̺21S
2
1C2 (̺24 + ̺13S
2
2 )S1 (̺22 + ̺11S
2
2 )S
2
1


.
(7)
From Eqs.(4) and (5), one can discuss different cases: the first, if we set C1 = 1 and
S1 = 0, then one gets the case where Rob stays stationary while Alice moves with a uniform
acceleration. The second for C2 = 1 and S2 = 0, one obtains the case in which Alice stays
3
stationary while Rob moves with a uniform acceleration. In the next section different classes
of initial channels between Alice and Rob will be considered.
3 Classes of Entangled Channels
1. Self transposed class
A self transposed class is characteristic by zero Bloch vectors i.e.,
→
s =
→
t = 0 and
ρ = ρT . The generic form of the self transposed class is given by [10],
ρ = ρT =
1
4
(1 +
→
σ ·
↓
−→
C · τ
↓
), (8)
where, the dyadic
↓
−→
C is a 3× 3 diagonal matrix [11]. It has been shown that this class
of states is separable if det
{
↓
−→
C
}
≥ 0 or tr
{
↓
−→
|C|
}
≤ 1. However, if det{
↓
−→
C } < 0 and
tr
{
↓
−→
|C|
}
> 1, then the sate (8) is entangled and its degree of entanglement is given by
the concurrence C [13],
C =
1
2
(
tr
{↓−→|C|}− 1). (9)
For this class, one can define three different subclasses:
(a) Generalized Werner state
This class of states sometimes is calledX state [12]. The state (8) which represents
a two qubits state between Alice and Rob can be written as,
ρAR =
1
4
(1 + cxxσxτx + cyyσyτ y + czzσzτ z). (10)
The non zero elements of Eq.(2) are given by,
̺11 = ̺44 =
1
4
(1 + czz), ̺22 = ̺33 =
1
4
(1− czz),
̺14 = ̺41 =
1
4
(cxx − cyy), ̺23 = ̺32 =
1
4
(cxx + cyy). (11)
Using Eqs.(4), (5) and (11), on obtains the density operators in the regions I and
II as,
ρA˜IR˜I =


̺11C
2
1C
2
2 0 0 ̺14C1C2
0 C21(̺22 + ̺11S
2
2 ) ̺23C1C2 0
0 ̺32C1C2 (̺33 + ̺11S
2
1 )C
2
2 0
̺41C1C2 0 0 ̺44 + ̺33S
2
2 + (̺22 + ̺11S
2
2 )


(12)
This state can be written in the form (1) as
ρA˜I R˜I =
1
4
(1 + ˜cxxσxτx + ˜cyyσyτ y + c˜zzσzτ z) (13)
4
where,
˜cxx = C1C2cxx, ˜cyy = C1C2cyy
c˜zz =
1− czz
4
(1 + S21S
2
2 ) +
1 + czz
4
(C21C
2
2 + S
2
1S
2
1 − C
2
1S
2
2 − S
2
1 ). (14)
Similarly, the density operator in the second region II is given by,
ρA˜IIR˜II =


̺11 0 0 ̺41S1S2
0 (̺33 + ̺11C
2
1)S
2
2 ̺32S1S2 0
0 ̺23S1S2 (̺22 + ̺11C
2
1)S
2
1 0
̺14S1S2 0 0 ̺11S
2
1S
2
2


, (15)
By means of the Bloch vectors and the cross dyadic, the state (15) can be written
as
ρA˜II R˜II =
1
4
[
1 + s˜(II)z σz + t˜z
(II)
τ z + ˜cxx
(II)σxτx + ˜cyy
(II)σyτ y + c˜zz
(II)σzτ z
]
, (16)
where,
s˜z
(II) =
1
2
(1 + cos 2r1), t˜
(II)
z =
1
2
(1 + cos 2r2),
C˜(II)xx = cxx sin r1 sin r2, C˜
(II)
yy = cyy sin r1 sin r2,
C˜(II)zz =
1 + czz
4
{
1 + cos r1 cos 2r2
}
+
1− czz
4
{
cos2r1 + cos 2r2
}
. (17)
It is important to point out that, if we assume that Alice stays stationary and
Rob moves with a uniform acceleration aR, i.e., we set C1 = 1 and S1 = 0 then
one gets ρAI R˜I , which is the same as that obtained by J. Wang et. al. [14].
(b) Bell states
The class of Bell states represents an interesting example of the self transposed
states which can be obtained from (8) by setting cxx = cyy = czz = ±1. For
example, if we set cxx = cyy = czz = −1 in (8), one gets the singlet state ρAR as,
ρAR =
1
4
(1− σxτx − σyτ y − σzτ z). (18)
Now, if we substitute cij = 0 for i 6= j in (2), then the non zero elements are,
̺11 = ̺33 =
1
2
, ̺23 = ̺32 = −
1
2
. (19)
By using (4), (5) and (19) one gets the density operators for the two qubits in the
region I, ρA˜IR˜I and in the region II, ρA˜IIR˜II as,
ρA˜IR˜I =
1
4
{
1− cos r1 cos r2(σxτx + σyτ y)−
1
2
(1 + cos 2r1 cos 2r2)σzτ z
}
,
ρA˜IIR˜II =
1
4
{
1− sin r1 sin r2(σxτx + σyτ y) +
1
2
(cos 2r1 + cos 2r2)σzτ z
}
, (20)
5
where it is assumed that both qubits are accelerated. However, if we assume that
Alice stays stationary and Rob is accelerated then the states(20) reduce to,
ρAIR˜I =
1
4
{
1− cos r2(σxτx + σyτ y)−
1
2
(1 + cos2r2)σzτ z
}
,
ρAII R˜II =
1
4
{
1 +
1
2
(1 + cos2r2)σzτ z
}
, (21)
where we set C1 = 0 and S1 = 0 in (20).
(c) Werner State
This class of states is defined as [15],
ρw =
1
4
(1 + x
→
σ ·
↓
−→
O en · τ
↓
), (22)
where
↓
−→
O en is unimodular, orthogonal en-dyadic [11]. It has been shown that this
state is separable for x ∈ [−1
3
, 1
3
] and nonseparable for 1
3
< x < 1. In this case the
non zero elements of Eq.(2) are given by,
̺11 = ̺33 =
1 + x
4
, ̺22 = ̺44 =
1− x
4
, ̺23 = ̺32 =
x
2
. (23)
By using (4) and (23), the density operators in the regions I and II take the
form,
ρA˜iR˜i =
1
4
{
1 + s˜(i)z σx + t˜
(i)
z τ z + c˜
(i)
xxσxτx + c˜
(i)
yyσxτx + c˜
(i)
zzσxτx
}
, i = I, II (24)
where,
s˜(I)z =
1
4
{
(1 + x) cos 2r1 − (1− x)(1− cos 2r1)
}
,
t˜(I)z =
1
4
{
(1 + x) cos 2r2 − (1− x)(1− cos 2r2)
}
,
c˜(I)xx = c˜yy = x cos r1 cos r2,
c˜(I)zz =
1
2
{
(1 + x) cos 2r1 cos 2r2 − (1− x)(cos 2r1 + cos 2r2)
}
, (25)
for the density operator in the region I and
s˜(II)z =
1
2
{
1 + cos 2r1
}
,
t˜(II)z =
1
2
{
1 + cos 2r2
}
,
c˜(II)xx = c˜
(II)
yy = x sin r1 sin r2,
c˜(II)zz =
1
4
{
(1 + x)(1 + cos 2r1 cos 2r2) + (1− x)(cos 2r1 + cos 2r2)
}
, (26)
for the density operator in the second region II.
2. Generic Pure state
This class is characteristed by one parameter p, which is equal to the length of the
Bloch vectors i.e |
→
s| = |
→
t | = p [11]. This type of pure states can be written as,
ρp =
1
4
(
1 + p(σx − τx)− σxτx −
√
1− p2(σyτ y + σzτ z)
)
, (27)
6
where Bloch vectors and the non-zero elements of the cross dyadic are given by,
→
s = (p, 0, 0),
→
t = (−p, 0, 0), cxx = −1, cyy = czz = −
√
1− p2, (28)
and the non zero elements (2) of the density operator (27) are given by,
̺11 =
1− q
4
= ̺44 = −̺23 = −̺32, ̺22 =
1 + q
4
= ̺44 = −̺14 = −̺41,
̺13 = ̺24 = ̺31 = ̺42 =
p
4
= −̺12 = −̺21 = −̺34 = −̺43, (29)
where q =
√
1− p2. Using (4),(5) and (29), one obtains the density operator in the
regions I and II respectively as,
ρA˜iR˜i =
1
4
(
1+s(i)x σx+s
(i)
z σz+t
(i)
x τx+t
(i)
z τ z−c˜
(i)
xxσxτx+c
(i)
xzσxτ z+c
(i)
zxσzτx+c˜
(i)
yyσyτ y+c˜
(i)
zzσzτ z
)
,
(30)
where i = I, II for the first and second regions respectively. In the region I, the density
operator between Alice and Rob ρA˜IR˜I is characteristic by,
s˜(I)x = p C1, s˜
(I)
z =
1
2
(cos 2r1 − 1), t˜
(I)
x = −p C2, t˜
(I)
z =
1
2
(cos 2r2 − 1),
c˜(i)xx = −C1C2, c˜
(I)
xz = −
p
2
C1(1− cos 2r2), c˜
(I)
zx = −
p
2
C2(1− cos 2r1),
c(I)yy = −q C1C2, c
(I)
zz = −
q
2
cos 2r1 +
1
4
{
(1− q)− (1 + q) cos 2r2
}
, . (31)
and for the second region II, the density operator ρA˜II R˜II is described by,
s˜(II)x = p S1, s˜
(II)
z =
1
2
(1 + cos 2r1), t˜
(II)
x = −pS2, t˜
(II)
z =
1
2
(1 + cos 2r2),
c˜(II)xx = −S1S2, c˜
(II)
xz = −
p
2
S1(1 + cos 2r2), c˜
(II)
zx = −
p
2
S2(1− cos 2r1),
c(II)yy = −qS1S2, c
(II)
zz = −
1− q
4
(1 + cos 2r1 cos 2r2) +
1 + q
4
(cos 2r1 + cos 2r2).
(32)
4 Entanglement
In this section, we investigate the entanglement behavior for different classes of initial states
settings. The earliest investigation has considered only one qubit moving with a uniform
acceleration while the other one stays stationary [7]. In the current study, we investigate
extensively all different situations.
To measure the entanglement of the generated entangled channels between the qubits
and their Anti-qubits, we use Wotters’concurrence [16],
C = max
{
0, λ1 − λ2 − λ3 − λ4
}
, (33)
where λ1 ≥ λ2 ≥ λ3 ≥ λ4 and λi are the eigenvalues of the density operator ρ = σyτ yρ
∗σyτ y,
ρ∗ is the complex conjugate of ρ.
Fig.(1), shows the dynamics of the concurrence C for a system initially prepared in
maximum entangled state. In this investigation we assume that both qubits are equally
7
accelerated i.e., ra = rb = r. Fig.(1a) displays the dynamics of the concurrence C of the
generated entangled channel between Alice and Rob in the first region ρA˜I R˜I . It is clear
that, since we start with MES ,the concurrence C = 1 at ra = rb = 0. However if, the
first qubit is accelerated while the second qubit stays stationary i.e., ra = r and rb = 0,
then the concurrence decreases smoothly and gradually and does’nt vanish even when the
acceleration tends to infinity. However, if the second qubit is also accelerated, then the
concurrence decreases faster and vanishes completely at infinity.
Fig.(1b) displays the concurrence dynamics of the generated channel between Alice and
Rob in the second region ρA˜IIR˜II . It is clear that, the system is disentangled for small values
of the accelerations. However an entangled channel is generated between Alice and Rob in
the second region with C ≤ 0.15.
In Fig.(1c), we quantify the degree of entanglement which is generated between Alice (in
the first region I) and Anti-Rob (in the second region II). This figure displays that the
maximum value of C = 0.4, is reached for zero acceleration of both qubits. However if only
one qubit is accelerated, then the evolved channel between Alice and Rob becomes separable.
As soon as the second qubit is accelerated, an entangled channel is generated between Alice
and Anti-Rob, ρA˜IR˜II . The concurrence of this channel increases as the acceleration of Rob’s
particle increases. The concurrence of the generated channel between Rob and Anti-Alice
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Figure 1: The entanglement of the generated entangled channels from a system initially
prepared in maximum entangled state (MES) between:(a) Alice and Rob in the first region
ρA˜IR˜I , (b) Alice and Rob in the second region ρA˜IIR˜II , (c) Alice and Anti-Rob ρA˜IR˜II , (d)
Rob and anti-Alice, ρR˜I A˜II .
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Figure 2: The entanglement of the generated state between Alice and Rob, ρAIRI for (a)
Werner state with x = 0.6, (b) generalized Werner state with cx = 0.7, cy = 0.5, cz = 0.3.
is depicted in Fig.(1d). It is clear that, this channel is separable for zero accelerations.
However as soon as the acceleration of Alice increases an entangled channel is generated.
The maximum value of the concurrence of this channel is C ≤ 0.4.
Fig.(2) displays the dynamics of the concurrence C for a Werner class and a generalized
Werner state. Fig.(2a) describes the concurrence dynamics of the generated channel between
Alice and Rob in the first region, ρA˜IR˜I where it is assumed that both qubits are accelerated.
At zero accelerations (ra = rb = 0), the concurrence depends on the initial degree of entangle-
ment. The entanglement decays smoothly and gradually as soon as any qubit is accelerated.
However, the entanglement decays faster when both qubits are accelerated and completely
vanishes at infinite accelerations. Fig.(2b) shows the behavior of the entanglement for the
generalized Werner state where we set cx = 0.7, cy = 0.5 and cz = 0.3. This figure displays
a similar behavior as that shown in Fig.(2a) at zero acceleration. For large accelerations
the entanglement decreases suddenly to reach its minimum values. Theses minimum values
increase for larger accelerations of both qubits.
Fig.(3), describes the concurrence dynamics of a travelling state initially prepared in the
generic pure state (29),where we consider that both qubits are accelerated with the same
acceleration. It is clear that at p = 0, namely, the initial system is MES, the concurrence
is maximum (C = 1). As the accelerations of both qubits increase, the concurrence de-
creases gradually. For larger values of p (i.e. the initial system is partially entangled), the
concurrence decreases gradually and completely vanishes at p = 1.
From Figs.(1) and (2), one can conclude some important results: first the entanglement
of the generated channels depends on the initial entanglement of the travelling state. Second,
the generated channel in the second region behaves classically and non-classically for small
range of finite accelerations. Third, the entanglement between one qubit and the Anti-of the
second qubit depends on the acceleration of the Anti particle. Fourth, the generalized Werner
state is the most robust type of the self transposed classes. Fifth, among all theses classes
the generic pure state is more robust than the self transposed classes even the travelling sate
is maximum entangled.
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Figure 3: (a) The degree of entanglement of a system is initially prepared in a generic pure
state, where it is assumed that the two qubits are accelerated i.e. ra = rb = r
5 Usefulness classes
In this section, we investigate the usefulness of the different classes from two different points
of view. First, we quantify the fidelity F = tr
{
ρfinalρinitial
}
of the travelling channel in the
different regions [17]. Second we investigate the possibility of using the travelling channels
to perform the original quantum teleportation [18].
1. Fidelities of the travelling states
Let us first consider that the travelling channel is prepared initially in a class of self
transposed states (8). For this class, the fidelity FI of the travelling state in the first
region is given by,
FI =
1 + Czz
4
{
̺11C
2
1C
2
2 + ̺44
}
+
Cxx + cyy
2
(̺23 + ̺32)C1C2
+
Cxx − Cyy
4
(̺14 + ̺41)C1C2 +
1− Czz
4
{
C21(̺22 + ̺11S
2
2 ) + C
2
2(̺33 + ̺11S
2
1 )
}
,
(34)
while, the fidelity of the travelling channel in the region II is,
FII =
1 + Czz
4
{
̺11S
2
1S
2
2 + ̺11
}
+
Cxx + cyy
2
(̺23 + ̺32)S1S2
+
Cxx − Cyy
4
(̺14 + ̺41)S1S2 +
1− Czz
4
{
S22 (̺33 + ̺11C
2
1) + S
2
1 (̺22 + ̺11C
2
1)
}
.
(35)
Similarly, one can obtain a form of the fidelity of the channels between Alice and Anti-
Rob, ρA˜IR˜II and between Rob, Anti-Alice ρR˜I A˜II . The dynamics of the fidelities is
described in Fig.(4), where it is assumed that both qubits are accelerated with the same
acceleration i.e. ra = rb = r. This class of state represents the maximum entangled
state(x = 1) and different classes of Werner states for (0 < x < 1). Fig.(4a) displays
the dynamics of FI for different classes of self transposed states. Let us consider the
first class which is described by cxx = cyy = czz = x where x ∈ [0, 0.20]. For this
10
0
0.2
0.4
0.6
0.80
0.25
0.5
0.75
1
0.2
0.4
0.6
0.8
1
0
0.2
0.4
0.6
0.80
0.25
0.5
0.75
1
0.2
0.4
0.6
0.8
FI FII
r
x
r
x
(a) (b)
0
0.2
0.4
0.6
0.80
0.25
0.5
0.75
1
0.1
0.15
0.2
0.25
0
0.2
0.4
0.6
0.80
0.25
0.5
0.75
1
0
0.05
0.1
(c) (d)
r
x
r
x
FA˜IR˜II FR˜IA˜II
Figure 4: The Fidelity of the travelling state between: (a) Alice and Rob, ρA˜IR˜I , (b) Alice
and Rob in the second region ρAIIRII , (c) Alice and Anti-Rob, ρA˜I R˜II , (d) Rob and Anti-
Alice, ρR˜IA˜II , where it is assumed that both particles are accelerated i..e ra = rb = r for a
system initially prepared in a self transposed type(MES or Werner).
class, the fidelity F ∈ [0, 0.2], where the largest value is reached at r = 0 and the
smallest value is reached at infinite acceleration i.e r = pi
4
. For the second class which
includes all classes with x ∈ (0.2, 1.0), the fidelity FI , increases for small values of r
and larger values of x. For the second class the fidelity is better than the first one
even for larger values of r. Finally for the third class with x = 1, which represents the
maximum entangled class, the fidelity F is maximum for r = 0 and x = 1. However
as r increases the fidelity of the travelling state is the best one, where F ∈ [0.8, 1].
Fig.(4b) shows the behavior of the fidelity in the second region FII for different classes
of the self transposed states which are characteristic by the parameter x. The fidelity
is almost zero for small values of r and x, i.e. initially the travelling states have a
smaller degree of entanglement. As x increases, the maximum fidelity FII ∈ [0, 0.4]
and increases slightly for larger values (x = 1).
The fidelity of the generated channel between Alice and Anti-Rob, ρA˜I ,R˜II is displayed
in Fig.(4c). It is clear that the fidelity decreases as one increases the acceleration of
both qubits. However for larger values of the parameter x, the fidelity decreases faster
and almost vanishes for maximum entangled state. i.e., at x = 1. The dynamics of the
fidelity between Rob and ant-Alice is depicted in Fig.(4d). The behavior of the fidelity
is similar to that shown in Fig.(4c), but the maximum fidelity is smaller and decreases
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Figure 5: The Fidelity of the travelling state , where it is assumed that both particles are
accelerated i.e, ra = rb = r for a system initially prepared in a pure state,(a) for the first
region I and (b) for the second region II.
faster for larger values of the accelerations and the parameter x.
Now, we consider the dynamics of the fidelity for a system initially prepared in a
generic pure state (29). For this class, the fidelity of the travelling channel in the first
region I is given by,
FpI = (
1− q
4
)2
{
C21C2 + 2C1C2 + S
2
1S
2
2 + 1
}
+(
1 + q
4
)2(C1+C2)
2+(
p
4
)2(4C2+2C1), (36)
while in the second region II, it is given by,
FpII =
(
1 + q
4
)2 [
1 + 2S1S2 + C
2
1C
2
2 + S
2
1S
2
2
]
+
(
1 + q
4
)2
(S1 + S2)
2 ++
p2
4
(S1 + S2)
+
1− q2
16
(
C21 + C
2
2 + C
2
1S
2
2 + S
2
1C
2
2
)
. (37)
The dynamic of the fidelity for a system initially prepared in the generic pure state
(29) is displayed in Fig.(5). In the first region, the fidelity FI is shown in Fig.(5a). It is
clear that at p = 0 i.e., the travelling state is maximum entangled channel (FpI = 1) at
r = 0. For larger p and smaller r, the fidelity decreases slightly. However the fidelity
decreases smoothly and gradually for larger values of r and completely vanishes at
infinity. Fig.(5b) describes the behavior of the fidelity of the travelling state in the
second region FpII . For small values of r and even larger values of p, the fidelity is very
small. However as r increases, the fidelity increases smoothly and reaches its upper
bound at p = 1.
2. Usefulness classes for teleportation
To examine wether the travelling state can be used as a quantum channel to implement
teleportation, we use Hordecki’s criterion [19]. This criterion state that any mixed spin
1
2
state is useful for quantum teleportation if tr
√
↓
−→
C
T ↓
−→
C > 1. The self transposed
states are useful for quantum teleportation if,
Telp =
√
C˜
2(i)
xx + C˜
2(i)
yy + C˜
2(i)
zz > 1, (38)
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Figure 6: The teleportation inequality (38) of the travelling channel, where it is assumed
that both particles are accelerated i.e., ra = rb = r in the first region I for a system initially
prepared in a self transposed type(MES or Werner) for (a) ρA˜IR˜I , (b)ρA˜IIR˜II , (c) ρA˜IR˜II and
(d) ρR˜IA˜II .
where i = I, II for the first and second regions respectively. Fig.(6), shows the possi-
bility of using the travelling state as quantum channel between two users to perform
the quantum teleportation protocol. In Fig.(2a), we consider that the users initially
share a maximum entangled state or Werner state. it is clear that, for small values of
r and small values of x the teleportation inequality Telp < 1. However as x increases
while the acceleration r is small, the possibility of using the channel for quantum tele-
portation increases. For larger values of r and smaller values of x, i.e., the system
is of Werner type with small degree of entanglement, Telp < 1 and consequently the
channel is useless for quantum teleportation. As x increases (we increases the degree
of entanglement), the quantum channel is useful for quantum teleportation even for
larger values of r.
Fig.(6c) describes the behavior of the Horodecki’s criterion for the generated entangled
channel between Alice and Anti-Rob. It is clear that, the maximum value of the
inequality (40) is smaller than one ( Telp < 1) for all self transposed classes. Therefore
according to Horodecki’s criterion, this channel is useless for quantum teleportation.
Also for the generated entangled channel between Rob and Anti-Alice, Horodeciki’s
inequality is violated and consequently this class can not be used as a quantum channel
to perform quantum teleportation as shown in Fig.(6d).
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Figure 7: The teleportation inequality (38) of the travelling state , where it is assumed that
both particles are accelerated i.e., ra = rb = r in the first region I for a system prepared
initially in a generic pure state (30).
Fig.(7), displays the Horodecki’s inequality (40) for a system initially prepared in the
generic pure state (29). It is clear that for MES, namely p = 0, the travelling channel
can be used as a quantum channel to perform quantum teleportatiion (Telp > 1)
for r ∼∈ [0, 4]. However for larger values of p ∈ [0, 0.75] and smaller values of r,
the travelling channel obeys Horedicki’s inequality (38) and consequently all these
classes could be used to implement the quantum teleportation protocol. Finally the
last classes which are characteristic by p ∈ [0.75, 1] violate the teleportation inequality
(38) and consequently this classes could not be used as quantum channels to perform
teleportation.
From these results, one concludes that it is possible to generate entangled channels
between Alice, Rob in the first and second regions, Alice, Anti-Rob, and between
Rob, Anti-Alice. For MES, the largest entanglement can be generated between Alice
and Rob ρA˜IR˜I in the first region and the smallest values of entanglement contained
in ρA˜IIR˜II . The generalized Werner state is more robust than the MES and Werner
classes. However the pure states which represent a class of partial entangled states are
more robust than the self transposed class. The possibility of using the pure state for
quantum teleportation proposes are much better than the other classes.
6 Conclusion
An analytical solution for a general two qubits system of Dirac fields in noninertial frame
is introduced. The density operator of the travelling channels between the observers and
their Anti-observers are calculated. Two particular classes are investigated extensively: the
self transposed class, which includes the maximum entangled state and all classes of Werner
states and a class of a generic pure state of a two qubits system .
For the self transposed states (MES or Werner) the degree of entanglement in all different
generated states depends on the entanglement of the initial travelling state. The degree of
entanglement decreases smoothly if only one qubits accelerated and it vanishes completely if
the acceleration of at least one qubit tends to infinity. However, the entanglement vanishes
faster for less initial entangled states. For a general class of generalized Werner state, the
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entanglement doesn’t vanish even for larger accelerations. Starting from a generic pure state,
the entanglement is more robust than that depicted for the self transposed classes, where
the entanglement decreases slowly and gradually. For this class, we show that, an entangled
channels in the second region with small degree of entanglement is generated.
We distinguish between the usefulness of the travelling classes by investigating two phe-
nomena:first, we quantify the fidelity of the travelling channels in the two regions and the
second, the possibility of using the travelling channels as quantum channels to perform the
quantum teleportation. The fidelity of the travelling channels depends on the entanglement
of the initial state, where it is larger for higher entanglement. For the self transposed states,
the fidelity is maximum for maximum entangled state and decreases smoothly as the acceler-
ation of any particle increases. For less entangled states, the fidelity is smaller and decreases
faster. In the second region, the fidelity of the travelling channel increases gradually and
it is smaller for the maximum entangled state comparing with that in the first region. On
the other hand, the entanglement of the generated entangled channels between Alice and
Anti-Rob is much larger than that depicted between Alice and Rob in the second region.
The fidelity of a travelling channel starting from a generic pure state is investigated in
both regions, where the fidelity of this class is much better than that depicted for the self
transposed classes. In the first region, the loss of the fidelity is very small for the smallest
entanglement of initial classes. On the other hand, the fidelity of the generic pure state in
the second region is much better than its corresponding one for the self transposed class.
The usefulness of the travelling channels is investigated for different classes. We showed
that it is possible to use some classes of the self transposed states for quantum teleportation.
These classes are generated from a system that has an initial degree of entanglement (> 0.5)
and its qubits are accelerated with an acceleration < 0.6). On the other hand, starting
from a generic pure state with smaller values of its parameter, one can generate entangled
channels in the first region useful for quantum teleportation with larger acceleration
In conclusion, the possibility of generating entangled channels in both regions depends
on the degree of entanglement of the initial travelling state. The fidelity and the usefulness
of the generic pure state is much better than that depicted for the self transposed classes.
Therefore, one can say that the generic pure state is more robust than the self transposed
classes.
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